Increased mechanical stretch of alveolar type II (ATII) cells occurs during mechanical ventilation. The effects of three patterns of stretching rat ATII cells (frequency [min -1 ]-∆surface area [%]: S40-13, S60-13, S40-30) were compared with those in static cultures at 12/18/24h. Cell viability and expression of COX-2, 5-LO, iNOS, eNOS were characterized.
Experimental protocol:
ATII cells on flexible membranes were exposed to cyclic stretch using the FX 4000T TM Flexercell® Tension Plus TM system (Flexcell International, Hillsborough, NC, USA). The cells were randomly subjected to one of three cyclic stretching patterns. The stretching pattern was applied over the entire experimental time. Cells and supernatants were collected at 0 h (immediately before starting the stretching pattern) and at 12, 18 and 24 h. Stretching patterns were defined by frequency and amplitude. Amplitude was defined by the increase in surface area of the calibrated silicon membranes. Membrane distension was calibrated with negative pressure for each instrument and type of membrane and monitored during the experiment. The numbers shown represent the extent of membrane distension as constantly indicated and calculated directly from negative pressure readings during each pressure swing on the monitor within the Flexercell software program. ATII cells, on identical fibronectin coated silicon membranes but not subjected to cyclic stretch served as controls (static culture).
Stretching pattern:
We used stretching patterns that were reported in detail previously (16) . They were designed to evaluate the influence of stretch frequency and stretch amplitude on eicosanoid, cytokine and NO release in cultured isolated rat ATII cells. Increases in epithelial basement membrane surface area have been reported to occur predominantly with lung inflations (residual together with tidal volume) exceeding 40% of total lung capacity (TLC) in the rat (22 
LDH-release:
Supernatants of stretched cells and controls were analyzed for lactic acid dehydrogenase (LDH) activity. LDH activity was measured by use of a Cytotoxicity Detection Kit (Roche Diagnostics GmbH, Mannheim, Germany). The kit was calibrated using LDH standards (Sigma-Aldrich GmbH, Deisenhofen, Germany) between 0.016 and 2 µg/ml. Each data point represents n=4 cell isolations with measurements in triplicate.
Real time PCR was performed in triple runs with cDNA from n=4 experiments (i.e. 4 rats).
The difference in the number of cycles (∆C t ) between the gene of interest and GAPDH was used for statistical comparisons among groups. If differences in ∆C t between groups were significant, the difference between these values (∆∆C t ) was used to quantify the differences in gene expression.
Rat lymphocyte activation:
Lymphocytes were isolated from heparinized rat blood by density gradient centrifugation (Ficoll® Serva, Heidelberg, Germany). After washing trice, lymphocytes were seeded in 6-well plates (1x10 6 cells/well) and incubated with 50% RPMI 1640 supplemented with 10%
FCS and 50% supernatant of static or stretched cell cultures. Cells incubated in 100%
supplemented RPMI 1640 or cells stimulated with phytohemagglutinin (PHA, Sigma, Deisenhofen, Germany) were used as controls. At 48 h cells were harvested, immunostained with FITC-labeled anti-rat-CD54 or anti-rat-CD71 antibody (Beckman Coulter, Krefeld, Germany) for 30 min at room temperature. The lymphocytes were analyzed for expression of CD54 or CD71 on the surface by flow cytometry. The experiment was performed with n=7 (CD54) and n=10 (CD71) cell isolations with single measurements.
Statistics:
The differences in viable cells, LDH release and mediator release among the groups were first analyzed by ANOVA with respect to time and stretching protocol (static, S40-13, S60-13 or S40-30). If there was a significant different among the groups, post hoc Bonferoni analysis was performed to detect significant differences between individual groups. 
Results:
Trypan blue exclusion and LDH release:
A decrease was observed in the number of trypan blue excluding cells in static controls and in all stretch-groups over time ( figure 1A-C) . The number of trypan blue excluding cells did significantly differ with respect to stretching pattern and time. Posthoc comparison revealed significant differences between S40-30 and each of the other groups.
LDH activity in the supernatants of all experimental groups is summarized in figure 1D -F. 
Eicosanoid release:
The concentration of TXB2 (the stable product of TXA2), 6-keto-PGF1α (the stable product of prostacyclin) and cysteinyl-LT was determined in supernatants of all experimental groups at 
Gene expression of COX-2, 5-LO, iNOS and eNOS:
Expression of COX-2, 5-LO, iNOS and eNOS genes was investigated using quantitative real time PCR and GAPDH as an internal standard. Gene expression of COX-2, 5-LO, iNOS and eNOS was performed for static controls and for those stretching patterns that induced a significant difference of the corresponding mediator with static controls. That means COX-2 and 5-LO gene expression was analyzed for static controls and for the S40-30 pattern (table   2) ; iNOS and eNOS gene expression was analyzed for static controls, S60-13 and S40-30 pattern (table 3) . Gene expression was analyzed after the complete experimental time of 24 h and in order to detected early changes at 6 h.
COX-2 expression (table 2) 
Rat lymphocyte activation:
The effect of supernatant collected from cells stretched with high amplitude (S40-30 pattern)
on rat lymphocyte expression of activation markers CD71 and CD54 is demonstrated in figure 5 . The intensity of staining of both CD71 and CD54 was increased at 48 h following incubation with supernatant from stretched cells in comparison with that from static cells.
PHA added to control lymphocyte cultures resulted in increased expression of CD71 and CD54, while supplemented culture medium did not alter the expression of these lymphocyte activation markers (data not shown).
Discussion:
This study investigates the influence of different stretching patterns on the release of NO, reported to prevent apoptosis in ATII cells subjected to increased mechanical distension (16, 24) . Alveolar macrophages may be a source of NO in the alveoli (24) . Our previous data (16) and the findings of this study indicate that ATII cells may also be able to synthesize NO in response to mechanical stretch and thus avert mechanically induced apoptosis. This mechanism may be equally or even more effective in high frequency mechanical stimulation, which is imitated by the S60-13 stretching pattern. Accordingly, this pattern led to the greatest increase in NO release and at the same time did not cause a significant decrease in trypan blue excluding cells.
ATII cells do release NO in response to mechanical stretch and may be an important source of NO in the alveolar compartment. The physiological role of NO release remains to be defined but NO release has been shown to protect lung epithelial cells from mechanically induced injury and apoptosis. However, NO may also have adverse effects in the lung since it has been shown to aggravate lung damage through generation of reactive molecules (25) .
The finding of an increase in 6-keto-PGF1α and TXB2 the stable products of prostacyclin and TXA2 respectively, as well as increased amounts Rat ATII cells in primary culture start to undergo phenotypic changes (33) . Our experimental time frame including 22 h for adherence followed by 6 -24 h of experimental time does not appear long enough for ATII cells to dedifferentiate completely. In addition it is not known, whether dedifferentiation known to occur rather rapidly on plastic culture dishes will occur at the same frequency on flexible and stretched membranes. However the phenotypic changes that may occur in this time frame may represent another limitation of this primary rat ATII cell model.
The mechanisms that mediate changes in the secretory behavior of ATII cells were not addressed in this study. Other recent studies using isolated lung models demonstrated phosphoinositide 3-OH kinase -akt-kinase -pathway involvement in lung overinflation (34) .
Activated akt-kinase may induce nuclear translocation of NFκB via interaction of Akt and IκB-kinase and change gene expression of several early response and other genes. In contradiction with our findings, these authors reported an increased release of proinflammatory cytokines in response to overventilation. Furthermore activated akt-kinase may phosphorylate and activate eNOS (35) . It may therefore be speculated that these mechanisms may contribute to findings observed in our study.
High amplitude mechanical stretch in comparison with physiological mechanical stimuli and static controls modifies the release of mediators from ATII cells. Increased production of eicosanoids and a decreased generation of the anti-inflammatory IL-10 with unchanged pro-inflammatory cytokines were found in response to cyclic mechanical stretch with an amplitude simulating lung inflation to approximately 100% TLC. The generation of NO from ATII cells at the same time may represent an anti-apoptotic and protective mechanism. The maximum of this protective effect was seen in response to high frequency cyclic stretch and is markedly smaller following high amplitude mechanical stretch.
These findings suggest that continuing mechanical distension of the alveolar epithelium to the approximate limit, comparable to TLC, contributes to a systemic inflammatory response and to reduced ATII cell survival by a shift in the balance of pro and anti-inflammatory mediators. Ccg cct gct tca cca cct tct The differences among the groups were significant as proven by ANOVA, * indicates p<0.05 versus control as proven by post hoc Bonferoni analysis. 
